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THE  CULTIVATION  OF HUMAN  TISSUE  IN  VITRO. .1 
BY JOSEPH R.  LOSEE,  M.D.,  AND ALBERT H.  EBELING. 
(From the  Laboratories  of  the  New  York  Lying-In  Hospital  and  of  The 
Rockefeller Institute for Medical Research.) 
PLATES 75  TO 77. 
The  present  investigations  were undertaken  to ascertain  whether 
human  connective tissue  taken  from  a  fresh  cadaver  could be kept 
in a condition of permanent life outside of the organism.  We have 
applied  to  human  tissues  the  method  by which  Carrel  was  able to 
keep  animal  connective  tissue  alive  in  vitro  for  more  than  two 
years. 2 
The first attempt to cultivate human tissues in vitro was made in 
I9I I  by Carrel  and  Burrows?  Small  fragments  of human  malig- 
nant  tumors  were  placed  in  human  plasma  and  incubated.  In  a 
few cases the fragments were surrounded after a  few days by many 
cells;  but  generally  liquefaction  of  the  medium  occurred  and  no 
growth  was  observed.  In  other  experiments  undertaken  later  by 
Carrel  on the  growth of normal  tissues the same phenomenon  was 
observed.  Fragments  of  thyroid  gland  and  fragments  of  connec- 
tive tissue  from  adult  individuals  or  from  fetuses  were  inoculated 
into culture media which contained or did not contain tissue extract. 
The liquefaction was observed in this case in the same manner  as in 
the case of the malignant  tumors,  and with the exception of a  few 
* Received for publication,  April 4,  I914. 
x These investigations were  carried  on  in  March,  I913, in  the  research  labo- 
ratory  of  the  New  York  Lying-In  Hospital.  They  were  rendered  possible  by 
the c06peration  of Dr. Markoe,  of the attending  surgeons of the Lying-In Hos- 
pital,  and  of  Dr.  Carrel.  The  Directors  of  the  Hospital  provided  a  specially 
equipped laboratory for the work, under the supervision of Dr. Markoe and  Dr. 
Carrel, thus enabling us to carry out the study of the tissues of human  cadavers 
under excellent conditions. 
2 Carrel, A., ]our.  Exper.  Med.,  1913, xviii, 287. 
8 Carrel, A., and Burrows, M. T., idem, I9II, xiii, 387. 
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cultures no real growth was observed.  In  I9t 3 MaccabrunP culti- 
vated in plasma the tissues of the uterus and ovary of human fetuses 
and observed around the tissue after 8  or 9  days the presence of 
many cells and also of karyokinetic figures.  The result of these ex- 
periments showed that human tissue almost always produced lique- 
faction of the plasma, and that this probably prevented its growth. 
We, therefore, attempted to develop a  technique which would per- 
mit  us  to  keep human tissue  in  a  plasmatic medium without  the 
occurrence of liquefaction. 
At first we attempted to obtain a medium which would not liquefy 
under the influence of the tissue.  The first medium tried was com- 
posed  of human plasma and  extract of human tissue  taken  from 
fresh cadavers.  This~ however, proved  unsuitable,  as  in  twenty- 
four  hours  liquefaction  occurred  about  the  fragnnents  of  tissue. 
Very little growth was observed, but when it took place the cells 
were seen to be scattered and the new growth to be very thin.  A 
thin film containing many cells adhered to the cover-glass.  When 
attempts were made to extirpate the film and to transfer it to fresh 
medium it generally became folded up and after one or two passages 
no  further growth occurred.  Many modifications of the medium 
were tried, in order to overcome these difficulties.  Human plasma 
was diluted with agar, serum, and egg albumen.  The addition of 
agar and egg albumen to the plasma yielded a firmer medium.  No 
liquefaction  took  place,  but  on  the  other  hand  no  real  growth 
occurred.  When the plasma was diluted with serum complete lique- 
faction rapidly followed.  The addition of a  small amount of acid 
or alkali  to  the plasma did not prevent this  liquefaction.  Finally 
after many attempts had been made it was found that by diluting the 
plasma with equal parts of Ringer solution a medium could be ob- 
tained which would not liquefy in less than 24 hours, and often not 
in 48 and 72 hours.  Usually 18 hours after the medium had been 
inoculated with human tissue, growth appeared and increased pro- 
gressively.  After a period of from 24 to 96 hours the fragments 
of tissue were transferred to a  fresh medium in which the growth 
continued.  The medium was again modified by the addition of a 
small quantity of diluted extract of human tissue, after which the 
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growth became very active.  Finally at the end of x9I 3 and during 
the first months of  I914 it became possible to obtain large growths 
of human connective tissue.  The tissue could be transferred from 
medium to medium; the new cells could be isolated from a primitive 
fragment  and  cultivated  in  a  new  medium;  the  mass  of  newly 
formed tissue rapidly increased in the same way that was observed 
by Carrel to occur in the case of the strain of connective tissue cells 
taken  from the chick embryo, which are still  proliferating at  The 
Rockefeller Institute.  Nevertheless, the technique which we  have 
developed is  still  far  from perfect.  Liquefaction  of  the  medium 
occurs as soon as the tissue extract becomes too concentrated.  Be- 
sides, it appears that the plasma taken from many different individ- 
uals varies  widely, the plasma of certain persons  liquefying much 
more rapidly than that of others.  The value of the extracts varies 
also,  the result being that  the  medium is  inconstant;  and for this 
reason  the  rate  of  growth  of  fragments of  tissue  shows  marked 
fluctuations in the course of a  few weeks.  The medium will prob- 
ably be still further modified ; nevertheless we shall describe here the 
technique that has rendered possible the cultivation of human tissue 
in vitro. 
TECHNIQUE. 
Plasma.--Blood  is  aspirated  from  the  median  basilic  vein  of  adults  under 
asei)tic conditions with a  dry,  chilled,  IO c.c.  glass  syringe  (gauge of needle,  x9). 
The  blood  is  immediately  transferred  to  cold  paraffined  glass  tubes  and  cen- 
trifuged  in  ice  at  high  speed  (3,00o  revolutions)  for  5  minutes.  The  plasma 
is at once pipetted  off with a  paraffined  pipette into another cold paraffined tube, 
which  was  kept  on  ice  ready  for  use.  Several paraffined  pipettes  are  prepared 
with  bulbs  to be kept  in  readiness,  because  it  has  been  found  that  although  the 
plasma  remains  liquid  for  some time in  the  paraffined  tube  it  coagulates  in  the 
pipette  used  for  making the cultures  in  from two to  ten minutes,  It  is  usually 
necessary to use a  fresh  pipette after changing two or three cultures. 
Extract.--The  extract  is  prepared  from  tissues  taken  from  adult  or  fetal 
cadavers,  and  cut  into  small  pieces.  Equal  parts  of  Ringer  solution  are  added, 
the,  whole  is  placed  in  cold  storage  for 48  hours,  after  which  it  is  centrifuged 
and the supernatant  fluid pipetted off.  This fluid may then be kept for some time 
in cold storage. 
Making  of Cultures.--Pieces  of the various fetal tissues taken  from fresh fetal 
cadavers are placed in Ringer solution or in serum and cut to the proper size with 
a  cataract  knife.  The plasma  is  first  spread  on the cover-glass, and  equal parts 
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procedure is to obtain a  clot which can adhere firmly to the cover-glass, because it 
was found that when the plasma was diluted with the Ringer solution first coagu- 
lation  took  place  too  rapidly,  thereby  preventing  a  thorough  embedding  of  the 
tissue.  On the other hand, when the Ringer solution is spread  first and the plasma 
added  afterwards  the clot  does  not  adhere  firmly,  often  contracting  to  such  an 
extent as  to .become separated  from the cover-glass, thereby destroying the culture. 
Then the tissue is put into the medium and  the extract immediately added.  The 
medium usually  coagulates  about  the piece within a  few seconds.  A  reasonable 
amount  of  speed  and  strict  aseptic  precautions  are  observed  throughout.  The 
preparations  are  next  placed  over  a  concave  slide  hermetically  sealed  with 
paraffin and incubated  at 38  °  C.,  and  the tissues  allowed to grow.  When  a  fresh 
amount  of  growth  has  taken  place after  a  period  varying from  24  to  96  hours, 
the tissues  are removed from their medium,  washed,  and  transferred  to  a  fresh 
medium.  The  time  of  the  transfer  depends  upon  the  condition  of  the  medium 
and  the  activity of  the growth.  Observations  are  taken  at  intervals  of  12,  24, 
48,  and  even  96  hours.  Observations  are  likewise  made  of  cultures  fixed  and 
stained  with hematoxylin and  with Giemsa stain. 
RESULTS. 
With the technique described above, it became possible to keep  a 
strain of connective tissue cells, derived from a  piece of skin which 
was obtained from a  fresh four months old fetal cadaver, in a  con- 
dition of active life in vitro  for more than two months. 
When the  fragments of  fetal heart tissue,  obtained  from  fresh 
cadavers, were introduced into a  medium composed of equal parts 
of human plasma and Ringer solution, and incubated at 38o  C.  for 
16 hours, microscopic examination of the culture showed the frag- 
ments  as  sharply outlined masses  in  a  slightly opalescent medium 
with no evidences of cell proliferation.  In from 18 to 24 hours cell 
proliferation manifested itself,  in some cases by the appearance of 
many cells  spreading  out  or  budding  from  the  original  piece;  in 
other cases by the presence of only a  few scattered cells. 
The rate and extent of growth varied and probably depended on 
the vitality of the tissue,  the constituents of the medium, and  the 
changes that developed in it.  Where there was a  tendency for the 
proliferating  cells  to  grow in  one  or  two  planes  the  growth  was 
greater and more rapid  than  where the cells appeared  to  grow  in 
several planes.  In the latter case the growth was also more dense. 
The phenomenon of  growth  was  accompanied by a  progressive 
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and  in  the  zone  of  cell  proliferation.  Sometimes  lique£'action 
around the entire fragment took place within 24 hours after the cul- 
tures were made, although little, if any, growth was apparent.  At 
times the medium retracted from the piece in certain areas and the 
vacuoles  in  the  medium thus  produced  contained  fluid  in  which 
detached cells and d6bris were observed.  The liquefaction did not 
indicate  necrosis  of  the  piece  of  tissue  in  all  instances.  Pieces 
around which the  medium liquefied completely in  24  hours  have 
been  transplanted  into  fresh medium,  in  which  cell  proliferation 
took place in from 16 to 24 hours.  There was no evidence of rapid 
liquefaction. 
When  liquef'action was  apparently  due  to  cell  proliferation,  it 
started  from the periphery of the  fragment and was  progressive. 
On the other hand, when apparently due to  substances in the me- 
dium  it  was  general and affected the entire mass  of the medium. 
Liquefaction of the entire medium took  place when extract  from 
fetal tissues was used in  primitive cultures.  Primitive fragments 
grew well without the addition of extract to the medium for one or 
two passages, but usually after the second passage it was necessary 
to add extract in order to stimulate growth.  The time of the pas- 
sages into fresh medium was governed by the condition of the cul- 
ture,  Where the medium showed liquefaction around the primitive 
piece in 24 hours, a  change was made.  If the rate of. growth was 
rapid, the culture was changed after 48 hours.  Actively growing 
cultures which were not changed until after 72 hours grew less well. 
In cases where the time of passage was deferred for 96 hours, sub- 
sequent  passages  showed  a  decided  retardation  in  the  rate  and 
extent of growth of the cells  and the  cellular characters were al- 
tered.  Ameboid cells occurred and rapid liquefaction of the entire 
medium often took place; and although passages into fresh medium 
were made every 24 or 48 hours the cultures did not recover. 
In the history of one culture, which is given in table I, it will be 
noticed that 24 hours after the  33d  passage excellent growth was 
recorded; 96 hours later the culture was changed, and in 24 hours 
observation showed retarded cell proliferation with subsequent lique- 
faction.  After the 34th passage, that is, 68 days, there was no fur- 
ther  growth and  death of the  culture gradually resulted.  In  the 598  Cultivation  of  Human  Tissue  in  Vitro. 
TABLE  I. 
Passage. 
Experiment 
I21--I 
9 
IO 
II 
I2 
~ate (z9~3~ 
Oct.  21 
Oct.  24 
25 
27 
29 
3o 
NOV,  I  I 
Nov. I2 
Treatment  of culture. 
Culture of skin from a  4  months' 
fetal  cadaver  cultivated  in  i 
drop  of  plasma  and  i  drop  of 
Ringer solution 
Washed  in  Ringer  solution  for 
minute and cultivated in I  drop 
of plasma,  i  drop of Ringer so- 
lution, and  I  drop of extract 
Washed  in  Ringer  solution  for  x 
minute and cultivated in I  drop 
of plasma, i drop of Ringer solu- 
tion, and I small drop of extract 
Washed  in  Ringer  solution  for  ½ 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution  for  ½ 
minute and cultivated in 2 drops 
of serum, i  drop of plasma, and 
I  small drop of extract 
Washed  in  Ringer  solution  for  I 
minute and cultivated in I  drop 
of  plasma,  i  drop  of  Ringer 
solution,  and  I  small  drop  of 
extract 
Divided  into  2  pieces,  washed  in 
Ringer solution for I minute and 
cultivated  in the same medium 
Washed  in  Ringer  solution  f6r  I 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution  for 
minute  and  cultivated  in  the 
same medium 
Divided  into  2  pieces,  washed  in 
Ringer solution for I minute and 
cultivated in the same medium 
Cut  into  2  pieces,  washed  in 
Ringer  solution  for  ½  minute, 
and  cultivated  in  the  same 
medium 
Washed  in  Ringer  solution for 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution  for 
minute  and  cultivated  in  the 
same medium 
Observations. 
Oct.  22.  Medium  in  good 
condition; no growth. 
Oct.  23.  Medium  in  good 
condition; growing. 
Oct.  24.  Medium  slightly 
liquefied ;  growth continu- 
ing. 
Oct.  25.  Medium liquefied; 
no growth. 
Oct.  26.  Medium  in  good 
condition; growing. 
Oct.  27.  Medium  partially 
liquefied;  growing. 
Oct.  28.  Medium  slightly 
liquefied; growing. 
Oct.  29.  Medium liquefed; 
growing. 
Oct.  3o.  Medium  com- 
pletely  liquefied ;  some 
growth. 
Oct.  31.  Medium  in  good 
condition;  excellent 
growth. 
Nov.  I.  Excellent growth. 
i 
~Nov.  3.  Medium  in  good 
condition;  excellent 
growth. 
Nov.  4.  Medium  in  good 
condition;  excellent 
growth. 
Nov.  5.  Excellent  growth. 
Nov.  6.  Medium  in  good 
condition;  excellent 
growth (macroscopic). 
Nov.  ~.  Excellent growth. 
Nov.  8.  Medium  in  good 
condition; growing. 
Nov.  9-  Good growth. 
Nov. lO.  Medium  in  good 
condition;  excellent 
growth. 
Nov. I1.  Medium  in  good 
condition;  excellent 
growth. 
Nov. 12.  Medium  in  good 
condition;  growing well. 
Nov. I3.  Medium  in  good 
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TABLE  I.--Continued. 
Passage. 
13 
I4 
x5 
I6 
I7 
i8 
x9 
20 
2i 
22 
23 
24 
25 
26 
27 
28 
29 
_,~ ov. 29 
Dec.  i 
Dec.  2 
Dec.  4 
Dec.  6 
Dec.  8 
Dec.  1o 
Dec.  ~2 
Treatment of culture.  [  Observations. 
washed in Ringer solution  Nov. x4.  Growing. 
minute and cultivated in Nov. 15.  Good growth. 
me medium 
r  divided,  washed  in Nov. x7.  Good growth. 
r solution, and cultivated 
same medium 
in Ringer solution for x Nov. 18.  Good growth. 
e  and  cultivated  in  the 
medium 
in Ringer solution for 45 
is and  cultivated  in the  liquefied;  growing. 
medium 
Nov. x9.  Excellent growth. 
in Ringer solution for ½ 
e  and  cultivated  in  the 
medium 
in Ringer solution for ½ Nov. 23. 
e  and  cultivated  in  the Nov. 24. 
medium 
in Ringer solution for I Nov. 25. 
and  cultivated  in  thelhNov.  26.  ~e 
medium  ]  cellent 
in Ringer solution for 451Nov. 27. 
as and  cultivated in thelNov.  28. 
medium  cellent 
into 2 pieces, washed  in  Nov, 29. 
I  minute,  r  solution  for  the  same 
cultivated  in 
Lm 
wasnea  in  Ringer  solution  for  I 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution for  ½ 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution  for  I 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution  for 
minute  and  cultivated  in  the 
same medium 
Washed in Ringer solution for 4~ 
seconds  and  cultivated  in  th, 
same medium 
Washed in Ringer solution for 4! 
seconds  and  cultivated  in the 
same medium 
Washed  in  Ringer  solution for  x 
minute  and  cultivated  in  the 
same medium 
Washed  in  Ringer  solution for  : 
minute  and  cultivated  in  th, 
same medium 
Nov. 20.  Medi.um  slightly 
Nov. 2I.  More  liquefaction 
of medium; excellent growth. 
Nov. 22.  Excellent  growth. 
Good growth. 
Growing. 
Very good growth. 
Liquefaction;  ex- 
growth. 
Excellent  growth. 
Liquefaction;  ex- 
growth. 
Very good growth. 
Nov. 30.  Good growth. 
Dec.  L  Liquefaction;  ex- 
cellent growth. 
Dec.  2.  Excellent  growth 
(dense). 
Dec.  3.  Good  growth 
(dense). 
Dec.  4.  Good  growth 
(dense). 
Dec.  5.  Good growth. 
Dec.  6.  Excellent  growth. 
Dec.  7-  Growing slowly. 
Dec.  8.  Liquefaction  and 
growing slowly.  All  cul- 
tures this day liquefied. 
Dec.  9.  Growing. 
Dec.  Io.  Slight  liquefac- 
tion; growing. 
Dec.  Ix.  Growing. 
Dec.  I2.  Growing. 
Dec.  ~4.  Good growth. 
Dec.  r 5.  Excellent  growth. 600  Cultivation  of  Human  Tissue  ,in  Vitro. 
TABLE  I.--Concluded. 
Passage, 
3o 
31 
32 
33 
34 
35 
36 
I  Date (z9x  3  ). 
Dec.  15 
Dec.  17 
Dec.  I9 
Dec.  22 
Dec.~.26 
Dec.  29 
Dec.  3 r 
Tie~ t~ent of culture. 
Central  piece  extirpated  and  the/Dec.  I6. 
remaining  cells  cultivated  in  i/Dec, x7. 
drop  of  plasma  and  I  drop  of  / 
extract  [ 
Washed in Ringer solution and cul-/Dec. I8. 
tivated  in  I  drop  of  plasma,  x/Dec. I9. 
Observatlons. 
Excellent  growth. 
Excellent  growth. 
Growing very well. 
Growing very well. 
drop of  Ringer solution, and  i 
drop of extract 
Divided  into  2  pieces,  washed  in 
Ringer  solution  for  i  minut* 
and  cultivated  in  the  sam, 
medium 
Washed  in  Ringer  solution  for  : 
minute  and  cultivated  in  th~ 
same medium 
Divided  into  2  pieces,  washed  ii 
Ringer  solution  for  I  minute, 
and  cultivated  in  the  same 
medium 
Washed  in  Ringer  solution for  I 
minute  and  cultivated  in  the 
same medium 
Culture washed in Ringer solution 
for  r  minute and  cultivated  in 
the same medium 
Dec. e0.  Liquefaction; 
growing. 
Dec. 2r.  Liquefaction;  ex- 
cellent growth. 
Dec. 22.  Excellent  growth. 
Dec. 23.  Growing. 
Dee. 24.  Medium  in  good 
condition;  no  liquefaction. 
Dec. 25.  Medium  in  good 
condition;  no  liquefaction. 
Dee. 26.  Medium  in  good 
condition;  no  liquefaction. 
Dec. 27.  Growing slowly. 
Dec. 28.  Growing slowly. 
Dee. 29.  Liquefaction; 
growing slowly. 
Dec. 30.  No  growth;  ame- 
boid cells. 
Dec. 3 I.  Complete liquefac- 
tion. 
Jan.  2,  I914.  Few  cells, 
mostly  ameboid  in  char- 
acter. 
first and succeeding passages growth was more extensive in a given 
time than that which develops in a primitive culture; also a definite 
relation between the extent of growth and the degree of liquefac- 
tion which is produced by the growth was suggested. 
Fluctuations were observed in the rate and extent of growth after 
passages, a point which is shown in the history referred to.  This 
fluctuation affected all  cultures  which were  changed  at  the  same 
time and into the same medium.  The probable causes are the dif- 
ferences in various specimens of plasma and the effect of the extract 
employed on them.  In successive passages the primitive fragment 
gradually disappeared; and on extirpation of the primitive fragment 
the peripheral cells after being washed and cultivated in fresh me- 
dium  continued  to  proliferate  and  form  a  network  of  tissue  as 
shown in figure I.  Figure 2 shows the extirpated fragment which Joseph  R. Losee  and Albert H. EbeIing.  601 
was  washed  and  cultivated  and  incubated  for  forty-eight  hours, 
after which it was stained. 
In actively growing cultures the cells appeared as delicate spindle- 
shaped,  fusiform bodies, isolated or united by filaments sometimes 
closely assembled, forming a network which was either film-like or 
quite dense, depending upon the tendency of the cellular outgrowths. 
The  cytoplasm appeared  granular  and  the nucleus stood out as  a 
clear, homogeneous area in which mitotic figures were distinguish- 
able.  Refractile globules were to be seen in the cytoplasm of the 
cells.  Their  size and number varied.  The  longer  a  culture  was 
left unchanged the larger and more numerous were these globules. 
When  conditions  in  the  culture  were  unfavorable,  the  cells  pre- 
sented ameboid characteristics, and there was no tendency towards 
the formation of a  cellular network.  Refractile  fat  globules then 
became frequent in the cell cytoplasm. 
When the cultures were fixed and stained with Giemsa stain the 
outline and structure of the cells became distinct.  The cytoplasm 
appeared as a  light blue, finely granular body with a  more deeply 
stained, coarsely granular nucleus.  The structures containing chro- 
matin took on a  deep purple stain.  Figure 3  represents a  photo- 
graph of stained individual cells highly magnified. 
Although growth of human connective tissue derived from fetal 
heart tissue has been obtained which was as extensive as the growth 
of connective tissue derived from embryonic heart tissue of the chick, 
the growth of human tissue was usually less dense and less exten- 
sive.  Fluctuations which occurred during the passages  of human 
cultures  were  greater  than  those  occurring  in  cultures  of  chick 
tissue.  Liquefaction in  human tissue  cultures  was  more marked 
and  eventually  interfered  with  cell  proliferation.  In  cultures  of 
chick tissue the liquefaction that took place was slight and did not 
interfere with cell proliferation. 
The fetal human tissue which was used in making cultures was 
generally obtained from fetal cadavers 4  to 6 months old; the em- 
bryonic chick tissue was  obtained from 8  to  15  day old embryos. 
The latent period where human tisgue was  cultivated was  usually 
from  16 to  18 hours.  For chick tissue growth appears within  IO 
or 12 hours after the original fragment has been embedded. 602  Cultivation  of  Human  Tissue  in  Vitro. 
SUMMARY. 
A  strain of human connective tissue was kept in a  condition of 
active life in vitro for more than two months.  When a medium has 
been devised the composition of which is more constant, it is reason- 
able  to  suppose  that  human  connective  tissue  can  be  cultivated 
in vitro  for an indefinite period. 
EXPLANATION OF PLATES. 
PLATE :75. 
FIG.  I.  Human connective tissue ceils,  fixed  and stained with  Giemsa stain. 
The  culture was  made  by extirpating the  central portion of  culture 285  in its 
I6th passage,  washing the remaining portion of the culture with Ringer solution 
without  removing it  from  the  cover-glass, and  dropping on  fresh  plasma  and 
extract.  The preparation shows  the extent of growth obtained in 48 hours from 
peripheral cells  remaining after extirpation of  the  fragment. 
PLATE 7@ 
FIG.  Z.  I7th  passage  of  human  connective  tissue,  fixed  and  stained  with 
Giemsa stain.  The photograph shows  the extent of growth obtained after pas- 
sage into fresh medium.  The fragment in this culture was the piece  extirpated 
from culture 285. 
PLATE 77. 
Fit;. 3.  I7th passage of human connective tissue Cells.  Individual ceils; high 
power magnification.  Some of the ceils are shown in figure 2. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XlX.  PLATE  75. 
FIG.  I. 
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FIG.  2, 
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